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This  report  was  prepared  hy  Thomas  F.  Jenkins,  Research  Chemist, 
and  Steven  T.  Quarry,  Physical  Sciences  Technician,  of  the  Earth  Sciences 
Branch,  Research  Division,  U.S.  Army  Cold  Regions  Research  and  Engi- 
neering Laboratory  ( CRREL ) . The  work  was  conducted  under  the  Nitrogen 
Trams formation  in  Land  Treatment  Systems  work  unit  (CWIS  313lU),  a part 
of  the  Corps  of  Engineers  Land  Treatment  of  Wastewater  Program,  USAED, 

NE  (lAO  78-C-l).  The  report  was  technically  reviewed  by  Dr.  I.K. 
Iskandar,  CRREL,  and  Dr.  A.P.  Edwards,  Senior  Research  Fellow,  Univer- 
sity of  New  Hampshire. 

The  authors  would  like  to  acknowledge  the  technical  assistance  of 
Ms.  Helen  Hare,  CRREL,  who  assisted  in  the  preparation  of  the  manuscript 
and  conducted  some  of  the  analyses  described.  In  addition,  the  authors 
thank  Dr.  Iskandar  for  helpful  discussions  during  the  implementation  of 
these  procedTires. 


Introduction 


Within  the  Land  Treatment  Research  Program  at  CRREL,  a need  de- 
veloped to  accvirately  document  the  nitrogen  cycle  during  land  appli- 
cation of  wastewater.  While  qualitatively  these  pathways  have  been  well 
documented  in  fundamental  research  in  soil  chemistry,  the  rate  constants 
of  these  transformations  under  land  application  are  unknown.  A know- 
ledge of  these  rate  constants  <md  their  dependence  on  environmental 
factors  such  as  soil  moisture,  temperat\ire , and  soil  pH  is  essential  if 
an  accurate  mathematical  model  capable  of  predicting  water  quality 
impacts  is  desired. 

In  municipal  effluents,  the  nitrogen  component  of  the  waste  exists 
in  several  chemical  forms  including  ammonium  (NHj^),  nitrate  (NO”), 
nitrite  (NO”)  and  orgeuiically  bound  nitrogen.  When  these  effluents  are 
applied  to  the  land,  a series  of  complex  interrelated  transformations 
occur.  The  most  important  of  these  is  nitrification,  a microbiologi- 
cally  mediated  process  which  converts  NH^  to  NO^  thr^tigh  an  intermediate 
NOg  stage.  This  is  significant  since  it  converts  NH.  , a component 
relatively  immobile  in  the  soil,  to  N0_,  a species  highly  mobile  and 
capable  of  adversely  affecting  receiving  waters. 

A second  transformation,  termed  denitrification,  is  also  important. 
This  process,  also  microbiologically  mediated,  converts  NO^  under  proper 
conditions  to  nitrogen  gas  through  an  intermediate  nitrous "^oxide  stage. 
This  process  is  important  due  to  its  potential  for  reducing  the  nitrate 
concentration  of  the  waters  but  is  very  sensitive  to  localized  environ- 
mental factors. 

Several  other  processes  such  as  immobilization,  the  incorporation 
of  mineral  nitrogen  in  living  organisms,  and  mineralization,  the  trans- 
fonnation  of  organic-N  to  inorganic-N,  are  considered  less  significant 
in  land  application.  Table  1 summarizes  these  transformations. 


Table  1.  Summary  of  nitrogen 

Nitrification 

Denitrification 

Immobilization 

Mineralization 


transformations . 

NhJ  -►  NO"  -*■  NO" 

NO"  ->  NgO  Ng 
N (mineral)  -►  N (organic) 
N (organic)  NHj^ 


In  order  to  determine  the  rate  constants  of  the  most  significant 
transformations  under  simulated  field  conditions,  a Nuclide  isotope 
ratio  mass  spectrometer  (Nuclide  6-60-RMS)  was  obtained  in  February  lyTT 
(Fig.  1).  This  system  included  both  the  mass  spectrometer  itself  and  a 
general  purpose  gas  sample  inlet  system.  While  this  inlet  system  was 


Figure  1.  Nuclide  isotope  ratio  mass  spectrometer 


Nitrogen  isotope  analyses  of  water,  soil  and  plant  samples  commonly 
are  accomplished  by  a method  developed  by  Rittenberg  (Bremner  1965). 

This,  procedtire  requires  the  conversion  of  the  nitrogen  in  a sample  to 
ammonium  sulfate  in  water  solution.  Tlds  solution  is  then  reacted  with 
alkaline  sodium  hypobromite  solution  under  vacuum,  producing  nitrogen 
gas.  This  gas  is  then  analyzed  with  mass  spectrometry,  determining  the 
ratio  of  mass  28  (nitrogen  gas  made  up  of  two  mass  lU  nitrogen  atoms) 
and  mass  29  (nitrogen  gas  made  up  of  one  mass  lU  atom  and  one  mass  I5 
atom ) . 


If  one  is  interested  in  forms  of  nitrogen  other  than  ammoni\im,  they 
must  first  be  converted  to  soluble  ammonim  sulfate  prior  to  analysis. 

If  analysis  of  a sample  for  more  than  one  form  of  nitrogen  is  desired, 
such  as  ammoniiim,  nitrate  and  organic-N,  sequential  conversion  to  am- 
monium followed  by  ammonium  removal  prior  to  conversion  of  the  next  form 
of  nitrogen  to  ammonim  is  required.  This  is  commonly  accomplished  by 
distillation  of  ammonia  from  the  sample  into  dilute  sulfuric  acid  before 
generation  of  ammonium  from  the  next  nitrogen  containing  species.  In 
some  cases  it  is  necessary  to  obtain  measurements  of  various  forms  on 
sub-samples  and  calculate  those  not  obtained  directly  by  difference. 
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T’igure  2.  Gas  inlet  system  for  nitrogen  isotope  analysis. 
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Methods 

A.  Wet  Chemistry  Preparation  of  Samples  for  Analysis 

The  method  employed  for  extracting  and  isolating  various  forms  of 
nitrogen  utilizes  a steam  distillation  apparatus  as  described  by  Bremner 
and  Edwards  (1965),  as  shown  in  Figur^  3.  In  principle,  the  steam  dis- 
tillation method  allows  removal  of  NH^  from  a sample  at  si^b-boiling 
temperatures.  By  conversion  of  a desired  form  of  N to  NH.  , and  suitable 
raising  of  the  pH  of  the  sample,  the  nitrogen  from  the  original  form  is 
removed  as  NH  gas,  with  the  nitrogen  isotope  ratio  preserved.  The  NH_ 
sample  is  collected  in  condensed  steam  and  converted  to  NHj^  by  acidifica- 
tion, which  is  later  condensed  to  a suitable  concentration  for  analysis 
on  a mass  spectrometer.  The  procedures  described  here  are  mainly  for 
aqueous  samples,  but  methods  for  extraction  and  distillation  of  nitrogen 
from  soil  and  plant  samples  for  ^N  analysis  are  now  being  developed. 

The  system  shown  in  Figure  3 is  designed  so  that  100-  and  250-ml 
KJeldahl  flasks  with  19/38  standard  taper  ground  glass  Joints  can  be 
used  both  as  sample  preparation  containers  and  distillation  chambers. 
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Figure  3.  Distillation  apparatus  for  sample  preparation. 


^ Thus,  the  same  flask  can  be  used  for  sample  digestion  when  necessary, 

, and  subsequently  carried  through  a series  of  treatments  and  distilla- 

tions for  stepwise  removal  of  different  foms  of  nitrogen. 

► Steam  is  provided  to  the  assembly  by  a 5000-ml  boiling  flask  heated 

by  a Glas-Col  heating  mantle  with  a Varlac  transformer  power  source. 
Pumice  boiling  chips  are  used  to  promote  smooth  boiling  and  2-3  ml  of  l/N 
H-SO,  are  added  to  the  water  to  trap  any  NHi-NH_  present  as  contaminants. 
Distillation  is  started  or  stopped  by  resnectively  closing  or  opening 
the  steam  by-pass  tube  on  the  distillation  assembly.  After  a cold 
start,  a clean  distillation  flask  should  be  fastened  to  the  assembly  and 
, about  50  ml  of  distillate  produced,  as  both  a rinse  and  a warm  up. 

Distillate  is  collected  in  either  50-  or  100-ml  Erlenmeyer  flasks, 
or,  when  quantitative  measurements  are  necessary,  volumetric  flasks. 

The  collection  flask  should  contain  about  0.5  ml  of  0.1  N 
’ every  850  pg  of  ammonia  collected  in  order  t^  insure  that  the  NH_  col- 

lected remains  immobilized  in  solution  as  NHj^.  Care  shoiild  be  taken  not 
[ to  oyer  acidify  if  sample  concentrations  are  to  be  measured  colori- 

L metrically. 
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Methods  for  NHj^, 


and  NOg 


Analysis  From  Aqueous  Samples 


1.  Rec^ents 

a.  Magnesium  oxide  (heavy  variety):  0.2  g is  needed  for  each  dis- 
tillation. Mix  10  g in  distilled  water,  dilute  to  100  ml,  and  store  in 
a wash  hottle.  With  shaJting,  this  forms  a suspension  which  can  "be  added 
to  the  stoppered  funnel  at  the  top  of  the  apparatus  (Fig.  3)  up  to  a 
mark  indicating  2 ml.  The  stopper  can  be  removed  and  quickly  replaced 
immediately  before  distillation. 

b.  Sulfuric  acid:  0.1  N 

c.  Devarda  Alloy:  ground  to  pass  a 270  mesh  sl,eve 

d.  Sulfamic  acid:  dissolve  2 g in  100  ml  distilled  water. 


2 . Procediore 


General  - For  each  distillation,  add  the  appropriate  amount  of  0.1 
N H_S0i  (0.5  ml  per  850  yg  of  HH«)  to  the  collection  flask.  Secure  the 
distillation  flask  containing  a Sample  to  the  assembly  and  commence 
distillation  by  closing  the  steam  by-pass  valve.  When  25  ml  of  distillate 
has  been  collected,  stop  the  distillation  by  opening  the  by-pass  vsdve. 

It  is  imixjrtant  to  achieve  a distillation  rate  of  7-8  ml  condensate/min 
to  avoid  release  of  hydrolyzable  forms  of  ammonia,  and  to  insure  that 
the  condensate  temperature  does  not  exceed  22°C. 


Samples  collected  must  contain  at  least  100  yg  NHj^-N  for  direct 
mass  spectrometric  analysis,  and  the  concentration  sho\ild  be  around  100 
yg/ml.  This  means  that  the  collected  distillate  must  usually  be  concen- 
trated by  boiling  off  water.  The  HgSOj^  added^as  described  to  the  s^ple 
has  been  found  adequate  to  hold  up  to  5 mg  NH^-N  in  solution,  auid  there 
should  be  no  loss  of  NHi  during  boiling.  Samples  containing  less  than 
100  yg  must  be  identified  and  treated  by  the  isotope  dilution  method. 


a.  NhJ  only.  Attach  distillation  flask  containing  untreated 
sample  and  add  MgO  solution.  Start  distillation. 

b.  no”  + no”.  Remove  NH^  from  sample  as  in  "a".  Remove  the  flask 

and  add  0.2  g Devarda  Alloy  to  the  sample.  Immediately  replace  the 
flask  and  start  distillation,  using  a fresh  collection  flask. 


c.  no"  + NO"  + NHj^. 
removed  NH^. 


Proceed  as  in  "b"  but  without  having  first 
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d.  NO^  only.  Proceed  as  in  ’'"b"  but  add  1 ml  sulfamic  acid  solu- 
tion before  removal.  This  destroys  the  NO”. 

e.  NOg  only.  Cannnot  be  extracted  alone  by  this  method.  Isotope 

ratio  and/or  concentration  must  be  inferred  by  difference  of  results 
obtained  from  procedures  "b"  and  ”d.” 


NOTE:  Commercial  svilfamic  acid  is  invariably  contaminated  with  ammonia. 
Unless  a specleil  effort  is  made  to  purify  this  reagent,  precautions  must 
be  taken  when  using  it  for  NO”  removal.  If  the  ammonia  in  the  sample  is 
needed  for  anetlysis,  it  should  be  removed  before  any  sxilfamic  acid  is 
added,  or  taken  from  a separate  sub-sample.  Likewise,  after  the  addition 
of  STilfamlc  acid,  the  sample  must  again  be  distilled  to  remove  any 
contaminant  ammonia,  before  proceeding  to  the  NO”  distillation. 

3.  Comments 

All  of  the  procedures  described  are  modifications  of  those  described 
by  Bremner  and  Keeney  (19^5 ).  Analysis  of  the  desired  nitrogen  forms 
before  distillation  determines  how  much  the  distilled  sample  must  be 
concentrated.  Otherwise  (or  as  a further  check)  ammonia  values  on  the 
distilled  samples  can  be  determined  spectrophotometrically  by  Nesslerisa- 
tlon.  This  eliminates  the  need  for  titration  and  the  special  precautions 
necessitated  by  it. 

The  reliability  of  the  distillation  proced\ires  described  has  been 
thoroughly  checked  at^CRREL  on  standeu'ds  made  from  distilled  water. 
lOOjC  extraction  of  NH^  and  NO”-NO”  was  achieved  in  the  range  of  50-5000 
Ug_(a8  N),  while  extraction  or  2.5  vg  of  NHj^  was  about  90f  efficient. 
no”  suppression  by  sulfamic  acid  was  complete  on  samples  containing  up 
to'^125  vg  N0“-N,  and  no  Interference  with  the  other  methods  was  noted 
(when  proi>er'^consideratlon  was  given  to  ammonia  contamination  in  the 
s\U.famlc  acid). 

Steam  distillation  can  be  used  to  remove  other  forms  of  N and  can 
be  applied  to  many  sample  types  with  proper  sample  preparation.  Methods 
of  Soil  AniJ-yais,  Part  2 (,C.A.  Black,  ed. ) describes  in  Chapters  81* -66 
many  nitrogen  extraction  methods  using  steam  distillation. 

More  complete  discussions  of  some  of  the  techniques  which  cem  be 
used  are  available  in  sources  given  in  the  references. 


Once  the  samples  are  prepared  as  described  above,  the  Nuclide  mass 
spectrometer  is  preconditioned  as  follows.  The  liquid  nitrogen  trap  for 
the  mercury  diffusion  p\mip  and  the  sample-line  trap  (Fig.  2)  are  cooled 


with  liquid  nitrogen  auid  evacuated  using  the  roiighing  pump  to  a pressure 
of  20  microns  followed  by  the  mercury  diffusion  pump  to  1 micron. 

Controls  for  the  mass  spectrometer  are  set  to  the  values  given  in  Table 
2.  Nitrogen  gas  from  a cylinder  is  directed  into  the  gas  inlet  portion 
of  the  instrument  and  allowed  to  enteg  the  mass  spectrometer  generating 
an  ion  source  pressvire  of  about  IxlO”  torr.  This  gas  is  allowed  to 
equilibrate  the  instrument  for  30  minutes  prior  to  the  first  ar.alysis  in 
order  to  stabilize  the  system  and  desorb  gases,  such  as  carbon  monoxide 
and  oxygen,  from  the  interior  metal  surfaces. 

Once  stable  conditions  are  established,  a 1-ml  sample  of  working 
standard  (Fisher  Certified  Ammonium  Sulfate,  360  pg/ml)  is  placed  in  one 
arm  of  a Rittenberg  tube  (Fig.  h) . One  milliliter  of  standard  alkaline 
sodium  hypobromite  solution  (Bremner  1965}  is  placed  in  the  other  arm 
and  the  tube  is  placed  on  the  sample  inlet  (Fig.  2)  of  the  gas  inlet 
system.  The  tube  is  then  evacuated  to  1 micron  using  the  roughing  pump 
followed  by  the  mercury  diffusion  pimp.  The  tube  is  then  isole.ted  from 
the  vacum  pumps  with  stopcock  C (Fig.  2)  and  the  solutions  in  the  two 
arms  mixed,  generating  nitrogen  gas.  After  10  seconds,  stopcock  B is 
closed  and  stopcock  C opened,  allowing  the  gas  to  expand  into  the  mer- 
cury mixing  chamber.  Stopcock  E is  then  alternately  switched  from  vent 
to  roiaghing  pump  thus  moving  the  mercury  level  up  and  down  the  tube. 

This  results  in  sample  mixing  and  overcomes  any  small  change  in  isotope 
composition  due  to  smsG-l  differences  in  gas  diffusion  rate  resulting 
from  different  molecular  weights.  After  mixing  two  or  three  times, 
stopcock  C is  closed,  stopcock  A is  opened,  and  the  sample  is  moved  to 
the  small  sample  inlet  column  by  placing  a rubber  bulb  on  the  air  inlet 
and  pressurizing  the  mercury  reservoir,  thus  moving  the  merciiry  level  up 
the  mixing  column.  When  the  level  has  reached  the  top  of  the  column, 
stopcock  E is  closed,  thus  holding  the  merctiry  level  at  this  position. 

A heuid  operated  vacuum  pump  is  then  attached  at  position  F and  the 
merctiry  column  in  the  small  sample  inlet  column  lowered  by  reducing  the 
pressure  in  the  merctiry  reservoir.  Stopcock  A is  then  closed  and  the 
vacuum  pump  removed,  allowing  the  mercxiry  level  to  rise  in  the  small 
sample  inlet  column.  The  sample  is  entering  the  mass  spectrometer  at 
this  point  and  the  mercury  level  in  the  small  sample  column  is  ad,1usted 
by  utilizing  the  rubber  bulg  at  position  F to  obtain  an  ion  source 
pressure  of  5xl0~  to  2xl0”  torr.  After  the  sample  has  entered  the 
mass  spectrometer  for  five  minutes , a ved.ue  for  the  ratio  of  mass  29  to 
mass  28  is  obtained  by  changing  the  controls  of  the  balance  panel  to 
obtain  a null  (zero  reading)  on  collector  A set  at  the  0.1  V position. 

A balMce  panel  reading  of  approximately  0.1520  is  typical  for  the 
working  standard.  The  ion  source  pressure  aud  voltage  on  collector  B 
are  also  recorded. 

Once  this  analysis  is  complete,  the  remaining  sample  is  removed  by 
opening  stopcocks  A and  B and  evacuating  for  about  5 minutes . Readings 
of  the  balance  panel,  the  ion  source  pressure  and  collector  B voltage  are 
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Table  2.  Settings  used  during  operation  of  Nuclide 
mas  s spectromet  er . 

Emission  Regulator  Settings 

Ton  deflector  - off 

Filament  ciirrent  - 530 

Emission  current  - 030 

Electron  accelerating  potential  - 500 

Repeller  to  shield  - 0 

Trap  to  shield  - 0 

Ion  Accelerating  Potential 

Power  - on 
Coarse  - 970 
Fine  - 500 

Magnet  Regulator 

Power  - on 

Magnet  ciirrent  coarse  N 528 
Magnet  current  fine  N 500 

Ion  Pump  Power  Supply 

Output  voltage  - 1^.7  kilovolts 
Protect  - 10~®  torr 

Dual  Electrometer 

Meter  A - 3 volts,  ' 

Meter  B - 30  volts 

Balance  Peinel 


Ratio  - on 

Input  - .0000 

Recorder  input  - VRE  (A) 

Gas  Valves 


Position  1 
Control  Panel 


Source  power  - on 


Solution 

Figtire  1*.  Rittenberg  nitrogen  gas  generating  tube. 


obtained  to  be  used  in  background  correction  when  necessary.  The  first 
unknown  sample  to  be  run  is  then  placed  in  another  Rittenberg  tube  and 
handled  in  an  identical,  manner  as  described  for  the  working  standard. 

All  samples  thought  to  contain  at  least  100  ug  are  analyzed  as  above. 
Those  containing  less  than  100  yg  are  diluted  with  1 ml  O'P  working- 
standard  before  analysis  and  the  ratio  obtained  as  usual.  The  true 
value  for  the  sample  is  calculated  by  the  isotope  dilution  method. 

Once  all  samples  for  a given  day  are  complete,  the  machine  is  set 
to  the  standby  conditions  given  in  Table  3. 

Calculation  of  Atom  % 

The  atom  % can  be  calctilated  from  the  balance  panel  results  as 
follows.  The  balance  panel  value  is  divided  by  20  to  account  for  the 
difference  in  resistors  in  the  A and  B collector  networks.  The  resiilting 
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Table  3.  Standby  settings  for  Nuclide  mass  spectrometer. 

Emission  Regulator 

Filament  current  - UOO 

Ion  Acceleration  Potentleil 

Coarse  - 000 
Power  - Off 

Magnet  Regulator 

Magnet  current  coarse  - 000 
Power  - Off 

Ion  Pump  Power  Supply 

Protect  - 10~^  torr 

Dual  Electrometer 


Meter  A - 1 volt 
Meter  B - 1 volt 

BeLLance  Panel 

Input  - . 0000 
Ratio  - Off 

Gas  Valves 

Off 


Control  Panel 

Source  power  - On 


value  is  the  29  to  28  ratio.  To  obtain^the  28  to  29  ratio  (R^)  one 
simply  inverts  this  value.  The  atom  % ^N  can  then  be  obtained  from  the 
following  formiala: 


Atom  % 


100 


2R^  + 1 


A tabulation  of.^l  possible  values  for  the  balance  panel  and  corres- 
ponding atom  % ^N  is  given  in  Appendix  A. 
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Isotope  Dilution  Method 


In  those  cases  where  the  Isotope  dilution  method  is  used,  the  value 
obtained  in  the  analysis  and  the  value  obtained  for  the  working  stamdard 
as  well  as  the  total  amounts  of  each  must  be  used  in  the  following 
equation  to  obtain  the  % in  the  sample. 

Atom  % obtained  • total  NH^  = 

Atom  % std  • amotint  + Atom  % vinknown  • amovint  NH^  unknown 

Since  everything  is  known  except  the  % in  the  unknown,  it  caui  be 
obtained  by  calculation. 

Quality  Control 

All  isotope  values  obtained  by  mass  spectrometry  sure  relative 
values.  An  absolute  determination  is  not  possible  due  to  several 
factors  such  as  isotope  discrimination  through  the  sample  inlet,  differ- 
ences in  cross-sectional  area  of  the  two  istopes,  differences  in  ioni- 
zation potentials  and  small  differences  in  fragmentation  kinetics.  In 
hydrogen  emd  oxygen  analysis,  a universally  accepted  standard  (Standard 
Mean  Ocean  Water,  SMOW)  is  riin  and  al.1  samples  etre  reported  relative  to 
this  substance.  In  nitrogen  work,  however,  no  such  universal  standard 
has  been  accepted. 

Here  at  CRREL  it  was  decided  to  standardize  on  one  particular 
manufactiirer  of  ammonium  sulfate.  To  this  end,  samples  of  several,  com- 
mercially available  ammonium  sulfate  samples  were  obtained  and  analyzed. 

A particular  bottle  of  Fisher  Certified,  Primary  Standard  was  chosen.  A 
secondary  standard  of  Mallinckrodt  ammoniim  sulfate  was  also  chosen  so 
that  a standard  difference  could  be  obtained.  These  standards  can  be 
compared  to  atmospheric  nitrogen  to  obtain  a fairly  good  approximation 
of  an  absolute  % value.  Atmospheric  nitrogen  is  not  used  routinely 
as  the  working  standard  since  the  oxygen  must  be  removed  prior  to 
analysis  to  obyain  a precise  value. 

When  any  data  eure  reported,  an  Idea  of  the  precision  and  accuracy 
of  the  measurements  involved  is  required  before  proper  interpretation  is 
possible.  In  the  case  of  isotope  measurements,  it  is  reasonable  to  ask 
what  the  precision  of  each  measxirement  is  on  a given  day  and  how  repeat- 
able  are  these  results  from  day  to  day.  In  an  attempt  to  answer  the 
first  point,  a series  of  eight  standard  samples  were  run  in  a manner 
identical  to  that  used  for  routine  samples.  The  standard  deviation 
obtained  was  0.002  atom  1>.  This  value  is  far  better  than  required  to  do 
tracer  work  and  approaching  the  type  of  precision  needed  for  natural 
abundance  measurements.  As  more  experience  is  gained  with  the  equip- 
ment, it  is  felt  that  improvement  in  this  value  is  realist iced.ly  attain- 
able . 
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The  precision  of  the  percent  difference  measured  for  the  two 
standards  was  obtained  over  a 12-day  period.  The  results  indicate  an 
avera#»:e  difference  in  the  ratio  of  +0.001  for  the  Mallinckrodt  stamiard 
relative  to  the  Fisher  stemdard  with  a standard  deviation  of  0.001  atom 
%.  A<?:ain  this  result  is  easily  in  the  acceptable  range  for  tracer 
studies  such  as  that  planned  in  the  land  treatment  project,  and  is 
approaching  what  is  needed  to  measure  nattiral  abundance  differences. 
Only  a few  measvirements  of  atmospheric  nitrogen  have  been  made  to  date. 
A value  for  the  actusJ.  % of  the  Fisher  and  Mallinckrodt  standards 
will  be  determined  when  further  atmospheric  analyses  are  completed 
(0.367  is  the  accepted  value  for  atmospheric  nitrogen;  Junk  and  Svec 

1958). 
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8.1843 

8.4586 

8.4343 

1.8741 

8.1844 

0,4589 

8.4344 

1 .1743 

8.1845 

0.4591 

8.4345 

I ,1746 

0,1846 

0.4594 

8.4346 

1 .0748 

8 .1847 

8.4596 

1.4347 

1.1751 

8 .1848 

0.4599 

0^4148 

1.8755 

8 .1849 

0.4601 

8.4349 

1 .8756 

8 .1853 

0.4604 

0.4350 

1 .075# 

8 .1851 

0.4606 

0.4351 

1.0760 

8.1852 

0,4609 

0.4552 

1.0763 

8 .1853 

0.4611 

0 .4353 

1 .0765 

8.1854 

0.4614 

0.4354 

1.0768 

8.1855 

0.4616 

1,4355 

1,8778 

B.185S 

8.4619 

1.4356 

1.8773 

8.1857 

8.4621 

1.4557 

1,8775 

0.1858 

8.4624 

1,4598 

U87f8 

8.1859 

8.4626 

8.4559 

1.1788 

0.1888 

0.4628 

8 .4368 

1.8782 

0.1881 

0.4631 

8.4361 

1.0789 

0 .1862 

0.4633 

0.43  62 

1 .8787 

0.1863 

0.4636 

0.4363 

1.8798 

8.1864 

0.4638 

8,4364 

1 .8792 

0.1865 

0.4641 

8.43  65 

1.8795 

0 .1866 

0 .4643 

8 .4366 

1.0797 

3.1867 

0.4646 

1.4367 

1.0888 

3 . 1 E 68 

0.4648 

8 .43  68 

i.e8S2£ 

8.1869 

0.4651 

0 .43  69 

1.I8M 

8.1878 

0.4653 

0,4370 

1.8807 

0 .1371 

0.4656 

8 .4371 

1 .8809 

0.1872 

0.4658 

0 .4372 

1,0812 

0.1873 

0.4661 

0 .4573 

1.0814 

0 .1874 

0 ,4663 

0.4374 

1 ,0817 

0.1875 

0.4666 

0,4375 

1 .1819 

0.1876 

0.4668 

0 .4376 

1.0822 

8.1877 

0.4671 

0.4577 

1.1824 

0.1878 

0,4673 

0 .4378 

1 .0827 

0.1879 

0 .4676 

0.4379 

1.8829 

0.18E0 

0.4678 

0 .43P0 

1 .883  1 

0.1881 

1,4680 

0.4581 

1.0834 

0.1882 

0.4683 

0 .4382 

1 .0836 

8.1883 

1.4685 

0.4383 

1,0839 

8 .1884 

0.4688 

1.4384 

1.0841 

0.1885 

0 .4690 

0 .4385 

1 .0844 

3. 1886 

0.4693 

0 .4386 

1.0846 

0,1887 

0.4695 

0 .4387 

1 .0849 

0.1888 

C.4698 

0 .4388 

1.0851 

RDG. 

ATOMZ 

FDC. 

ATOM 

1 .6831 

1 .6788 

0,5330 

2 .2.793 

8.6831 

1.6791 

0,9331 

2. 2796 

0 .6832 

1.6793 

0 .9332. 

2.2798 

0 ,6833 

1.6796 

0 .9333 

2.2801 

0 .683  4 

1,6798 

0 .933  4 

2.2803 

0.6835 

1.6800 

0.9335 

2.2.805 

0 .683  6 

1 .6803 

0 .933  6 

2.2P0P 

8 ,6837 

1.6805 

0 .5337 

2.2810 

0 ,6838 

1.6808 

0 .9338 

2.2812 

0.6839 

1 . 68  1 8 

0 .9339 

2.2815 

8 .6840 

1.6813 

0.9340 

2.2817 

8 .6841 

1,6815 

0.9341 

2.2820 

8.6842 

1 . 68  1 7 

0 .9342 

2.2822 

8 .6843 

1.682.0 

0.9343 

2.282/1 

0 ,6844 

1 . 6822. 

0 .9344 

2. 282"’ 

0 .6845 

1 .6825 

0 .9345 

2.2829 

0.6846 

1 . 682  7 

0.9346 

2.2832 

0 .6847 

1 .6829 

0,9347 

2.2834 

8.6848 

1 . 6832 

C ,9548 

2.2856 

0 .6849 

1 .663  4 

0.9349 

2,.2f  59 

8 .685  0 

1 .6837 

C.535B 

2.2841 

0 ,685  1 

1 .6835 

e .935  1 

2.2843 

0 ,6852 

1 . 68  42 

0 .5352 

2.2846 

0 .6853 

1 .68  44 

C.9353 

2.2848 

0 .685  4 

1 .68  46 

0 .9354 

2.285 1 

0 .6855 

1 .68  49 

0.9355 

2.2653 

0 ,6856 

1.6851 

0.9356 

2.2855 

1 ,6857 

1.6854 

0.9557 

2.2858 

0,6858 

1,6856 

0 .9358 

2,2860 

8.6859 

1,6858 

0.9359 

2.2863 

8 .6860 

1 .6861 

0 .9360 

2.2865 

8,6861 

1 .6863 

0.9361 

2.2867 

0 .6862 

1 ,6866 

f ,9362 

2.2870 

0 .6863 

1 .6868 

0 .93  63 

2.2872 

0 .6864 

1.6870 

0 .9364 

2.2875 

0 .6865 

1 .6873 

0 .9365 

2. 287-’ 

8,6866 

1 .6875 

0 .9366 

2.2879 

8,6867 

1 .6878 

0 .9367 

2.2882 

8.6868 

1 .6880 

0 .9368 

2.2884 

8 .6869 

1.6883 

0 .9369 

2.2886 

8 .6870 

1 .6885 

0 .9370 

2.2889 

8.6871 

1 .6887 

0 .9371 

2.289 1 

8 ,6872 

1.6890 

0 .5372 

2.2894 

8.6873 

1.6892 

0 .9373 

2.2696 

0 ,6874 

1 .6895 

0 .5374 

2.2898 

8 .6875 

1.6897 

0 .9375 

2.2901 

8.6876 

1.6899 

0.5376 

2.29  03 

8 ,6877 

1.6902 

0 .9377 

2.2906 

8 .6878 

1.6904 

0 .9378 

2.29  08 

8 ,6879 

1.6907 

0 .5379 

2.2910 

8 .6880 

I .69  05 

0.9380 

2.2913 

1 .6881 

1.6912 

0 .9581 

2.2915 

0.6882 

1 . 69  1 4 

0 .5382 

2.2517 

1,6883 

1.6916 

0 .9385 

2. 2920 

8.6884 

1 . 6.9  1 9 

0 .538,4 

2.2922 

1 ,6885 

1.6921 

0.9385 

2.2925 

0,6886 

1 . 692  4 

0 .9386 

2.2927 

1 ,6887 

1 .692  6 

0 .9387 

2. 2. 92  9 

0 .6888 

1.6928 

0 .9388 

2.2932 

RCC. 

A TO  . 'in 

.ire. 

AToo;n 

pro. 

ATnoir. 

rr.'C. 

fi.Tntir. 

7.1889 

0.4700 

0.4389 

1 .0853 

0 .6889 

1 .6931 

0.9389 

2,293iS 

7.l8Se 

7,4773 

0,^390 

1 .085  6 

0 .6890 

1 .6933 

0.5390 

2.2537 

7.1891 

0.4715 

0.4391 

1 .0858 

0.6891 

1 .6936 

7.9391 

2.2935 

7.1892 

£.4778 

0.4392 

1.P861 

0.6892 

1 .6958 

0 CiTC^ 

1'  • . w • & • 

2.2941 

7.1893 

1.4717 

0 .43  93 

1 .0663 

0 .6893 

1 .6941 

0 .93  93 

2.254  4 

7.1894 

1.4713 

0.4394 

1 ,0866 

0 ,6894 

1 .6943 

0.93  9-4 

2.2546 

f .1895 

0.4715 

7.4395 

1 .0668 

0.6895 

1 .6945 

0,9355 

2.2948 

7.189#' 

0.4718 

0.4396 

1 .0871 

0 .689  6 

1 .6948. 

7.9396 

2. 2551 

7.1897 

7 .472  7 

0 .4397 

1 .0873 

0 .6897 

1.695  0 

0.9397 

2.2553 

7. If 98 

7 .4723 

0.4398 

1 .0875 

0,6898 

1 .6953 

/•  r T r r 

4 # . i 

2.255  6 

7.1899 

7.47*>5 

0 .439? 

1 .0878 

0,6899 

1 .695  5 

7. 93 99 

2.2S5P 

7.1971 

0.4728 

0.4407 

1.0880 

0.6900 

1 .6957 

0.9400 

2.256  0 

7.1901 

0.4730 

0,4401 

1 ,0883 

0.6901 

1 .6960 

0.9401 

2.2563 

7.1972 

7.4732 

0,4402 

1 .0885 

1.6902 

1 .6962 

0.S4O2 

2.2565 

7.1973 

7 .4735 

0,4473 

1 .0888 

0 ,6903 

. 1 .69  65 

0 .9473 

2.2568 

7.1974 

0.4757 

0.4404 

1.0890 

0 .69  04 

1 .6967 

r.9404 

2.2570 

7.1905 

C.474f 

0.4405 

1 ,0893 

0.69  05 

1 .69  77 

7.9405 

O C 

c.  •«-  • £ 

7.197f 

7 .4742 

0 .4406 

1.0895 

0.6906 

1 .6972 

.".9406 

2.2975 

7.1977 

0 .4745 

0,4407 

1 .0897 

0.69  07 

1 .6974 

0.9407 

2.2577 

0.1908 

0 .4747 

0 .4408 

1.0900 

0.69  08 

1 .6977 

0.9408 

2.2980 

7.1909 

0.4757 

0.4479 

1 .0902 

0,6909 

1 .6979 

0.94(9 

2. 2582 

0,1910 

7.4752 

0.4410 

1 ,0905 

0 . 69  1 0 

1 .6982 

0.S410 

*.2984 

0.1911 

7.4755 

0.4411 

1 ,1997 

0.6911 

1 .6984 

0.9411 

*.2587 

0.1912 

0.4757 

0.4412 

1 .0910 

0.6912 

1 .6986 

0.9412 

2.2985 

0.1913 

0 .4761 

0.4413 

1 .0912 

0.6913 

1 ,6989 

0.9413 

2.2951 

7.1914 

0.4762 

0.4414 

1 .0915 

0.6914 

1 .6991 

0.9414 

2.2954 

7.1915 

1.4765 

0.4415 

1 .0917 

0.6915 

1 .6994 

0.9415 

2 .2556 

7.1916 

1.4767 

0.4416 

1 .0919 

0 . 69  1 6 

1 .6996 

0.9416 

2.295? 

7.1917 

0.4770 

0.4417 

1 .0922 

0.6917 

1 .699? 

0.9417 

2,3  00  1 

7.1918 

1.4772 

0.4418 

1 .1924 

0.6918 

1 .700  1 

0.9418 

2.3  0 03 

7.1919 

1.4775 

0.4419 

1 .0927 

0.6919 

1 .7003 

0.9419 

2.3006 

0.1920 

0.4777 

0.4420 

1 .1929 

0.6921 

1 .7006 

0.9420 

2.3008 

7.1921 

0.4780 

0.4421 

1 .0932 

0.6921 

1 .7008 

0.9421 

2 ,3  0 1 1 

7.1922 

0.4782 

0.4422 

1 .0934 

0.6922 

1.7011 

0.9422 

2.3  013 

7.1923 

0.4784 

0.4423 

1 .0937 

0 .6923 

1 .7013 

3.9423 

2.3  01*' 

7.1924 

0.4787 

0.4424 

1 .0939 

0,6924 

1.7015 

3.9424 

2.3  018 

7.1925 

0.4789 

0.4425 

1 .09^1 

0.6925 

1 .7018 

0.9425 

2.3  02  0 

7.1926 

0.4792 

0 .4426 

1 .0944 

0.6926 

1 .7023 

0.9426 

2.3  022 

7.1927 

0 .4794 

0.4427 

1 .0946 

0.6927 

1.7023 

0.9427 

2.3  025 

7.1928 

0.4797 

0.4428 

1 .0949 

0.6928 

1 .7025 

1.9428 

2.3027 

7.1929 

0.4799 

0.4429 

1 .095  1 

0.C929 

1 .7028 

0.9429 

2 .3  03  0 

7.1930 

1.4802 

0.4430 

1 .0954 

0.6930 

1 .7030 

0.9430 

2 .3  032 

7.1931 

0.4804 

0.4431 

1 .0956 

0 , 693  1 

1 .7032 

(.9431 

2.3  034 

0.1932 

0.4807 

0.4432 

1 .0959 

0.6932 

1 .7055 

0.9452 

2 ,3  03  7 

7.1933 

0.4809 

0.4433 

1 .0961 

0.6933 

1 .7037 

0.9433 

2 .3  035 

7.1934 

0 .4812 

0 .4434 

1 .0963 

0 .6934 

1 .7040 

0.9434 

2.3  042 

7.1935 

0.4814 

0.4435 

1 .0966 

0.6935 

1 .7042 

0.S435 

2.304#) 

0.1936 

0.4817 

0,4436 

1 ,0968 

0.6936 

1,7044 

0.9436 

2.3  0^6 

7.1937 

0.4819 

0.4437 

1 .0971 

0.6937 

1 .7047 

0.9457 

2.304? 

7.1938 

0.48t2 

0.4438 

1 .0973 

0.6938 

1 .7049 

0.9438 

2.3  05  1 

7.1939 

0 .4624 

0.4439 

1.0S76 

0.6939 

1 .7052 

0.9439 

2.3  053 

7.1947 

0.4887 

0.4440 

1 .0978 

0,6941 

1 .7054 

I.9440 

2.315  6 

7,1941 

0.4829 

0.4441 

1 .0981 

0.6941 

1 .7057 

0.9441 

2 .3  05  8 

7,1942 

0.4832 

0.4442 

1 .0983 

0.6942 

1 .7059 

0.9442 

2.3061 

7.1945 

0 .4834 

0 .4443 

1 .0985 

0 . 69  43 

1 .7761 

0.9443 

2.3  763 

7,1944 

0.4836 

0.4444 

1 .0988 

0.6944 

1 .7064 

0.9444 

2,3  065 

7.1945 

0.4839 

0.4445 

1 .0990 

0.6945 

1 ,7066 

7.9445 

2.3  068 

7.1946 

0.4841 

0.4446 

1 ,0993 

0 .6946 

1 ,7069 

0.9446 

2.3  070 

7.1947 

0.4844 

0.4447 

1 .0995 

0.6947 

1 .7071 

0.9447 

2 ,3  073 
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RDC. 

A TO  M2 

RDO. 

A TO  M2 

e.l948 

0.4846 

0 .4448 

1.0998 

B .1949 

0.4849 

0 .4449 

1.1000 

0.1950 

0 .4851 

0 ,4450 

1.1003 

0.1951 

0.4854 

0 .445  1 

1.1005 

B.1952 

0.4856 

0 .4452 

1.1007 

0.1953 

0.4859 

0 .4453 

1.1010 

0.1954 

0.4861 

0 .4454 

1.1012 

0.1955 

0.4864 

0.4455 

1.1015 

0 .195fi 

0.4866 

0 .445.6 

1.1017 

0.1957 

0.48  69 

0 .445  7 

1.1020 

0.1958 

0.4871 

0 .4458 

1.1022 

0 .1959 

0.4374 

0 .4459 

1.1025 

0 .19C0 

0.4876 

0 ,4^60 

1.1027 

C .19C1 

0.487? 

0 .4461 

1.1029 

0 . 1 9 CS 

0.48.81 

0 .446? 

1.1032 

0.1  9f3 

0 .4884 

0.4463 

1.1034 

0 .1964 

0.4886 

0 .4464 

1.1037 

0 .1965 

0.4888 

0 .4465 

1.1039 

0.1966 

0.4891 

0 ,4466 

I . 1 0 42 

0.1967 

0.48S3 

0 .4467 

1.1044 

0.1968 

0 .48  96 

0 .446!- 

1.1047 

0.1969 

0.4B98 

r .4^69 

1.1049 

0.1970 

r . 4?  0 1 

r .4/70 

1.1051 

0 .1971 

0.4903 

r .4  4';'i 

1 . K5/I 

0.1972 

0.4?06 

0 .4472 

1.1056 

0 .1973 

0.4908 

0 .4473 

1.1059 

0 .1974 

0.4911 

0 .4474 

1.1061 

0.1975 

0.4913 

0 .4475 

1.1064 

0.1976 

0.4916 

0 .4476 

1.1066 

0.1977 

0.4918 

0 .4477 

1.1069 

0.1978 

0.4921 

0 .4478 

1.1071 

0.1979 

1.4923 

0 .4479 

1.1074 

0 .1980 

0.4926 

0 .4480 

1.1076 

0.1981 

0.4928 

0 .4481 

1.1078 

0.1982 

0.4931 

0 .4482 

1.1081 

0.1983 

0.4933 

0 ,4483 

1.1083 

0 .1984 

0.4936 

0 .4484 

1.1086 

0 .1985 

0.4938 

0 .4485 

1.1088 

0.1986 

0.4940 

0 .4486 

1.1091 

0.1987 

0.4943 

0 .4487 

1.1093 

0 .1988 

0.4945 

0 .4488 

1.1096 

0.1989 

0.4948 

0 .4489 

1.1098 

0 .1990 

0.4950 

0 .4490 

1.1100 

0.1991 

0.4953 

0 ,449  1 

1.1103 

0 .1992 

0.4955 

0 ,4492 

1.1105 

0 .1993 

0.4958 

0 .4493 

1.1108 

0.1994 

0.4960 

0 .4494 

1.1110 

0.1995 

0 . 49  63 

0 .4495 

1.1113 

0.1996 

0.49  65 

0 .4496 

1.1115 

0 .1997 

0.49  68 

0 .4497 

1.1118 

0.1998 

0.49  70 

0 .4498 

1.1120 

0.1999 

0.4973 

0 .4499 

1.1122 

0 .2000 

0.4975 

0 .4500 

1.1125 

0 .200  1 

0.4978 

0 .4501 

1.1127 

0 .2002 

0.4980 

0 .4502 

1.1130 

0 .2003 

0.4983 

0 .4503 

1.1132 

0 .2004 

0.4985 

1 .4504 

1.1135 

0 .2005 

0,4987 

0,4515 

1.1137 

0 .2  006 

1.4990 

0,4516 

1.1140 

n r.'G . 

ATOMS 

PDC. 

ATOM 

0.6948 

I .70  73 

0 .9448 

2.3075 

0.6949 

1.7076 

0 ,9449 

2.3077 

0 .6950 

1.7078 

0 .9450 

2 .3  080 

0 .695  1 

1.7081 

0.9451 

?.  .3  0 8? 

0 .6952 

1.7083 

0 .9452 

2.5085 

0 .6953 

1.7086 

0 .9453 

2.3  087 

0 .6954 

1.7088- 

0 ,9454 

2.3  089 

0 .6955 

1 ,7090 

0 .5455 

2.3  0 92, 

0 .6956 

1.7093 

0 ,945  6 

2.3  054 

0 .695  7 

1.7095 

0 .9457 

2.3056 

0 .6958 

1 .7098 

0 ,9458 

2 .3  095 

0 .6959 

1.7100 

0 ,9459 

2.3  1 01 

0.6960 

1.71 0? 

0 ,5460 

2.3  1 04 

0 .696 1 

1.71C5 

0 .5461 

2.3106 

0 .6962 

•1.7107 

0 ,5462 

2.3  1 08 

0 .69  63 

1.71 10 

0 .9463 

2.3  1 1 1 

f .6S  64 

1.7112 

0 .9464 

2.3  1 P 

0 .6965 

1.71 14 

0 .9465 

2.31  16 

0 .6966 

1.7117 

0 .5466 

2.3  1 P 

0.6967 

1.7119 

0 .5467 

2.3 120 

0 .69  61 

1 .7129 

0 .5468 

2.3 193 

0 .69  69 

1 .7124 

0 .9469 

2.3  19  5 

0 .6970 

1 .712,7 

0 .9470 

2.512'' 

0.6971 

1 .712.9 

0.9471 

2.3130 

0 .69  7? 

1 .7131 

0 .9472 

2,. 3 132 

0,6973 

1.7134 

0 .9473 

2.3135 

0.6974 

1 .7136 

0 .9474 

2.3137 

0 .6975 

1.7139 

0 .5475 

2.3139 

0.6976 

1.7141 

0.9476 

2 .3 1 42 

0.6977 

1 .71 43 

0.9477 

2.31  44 

0.6978 

1 .7146 

0.9478 

2 .3  1 47 

1.6979 

1 .7148 

0.9479 

2,3149 

1.6980 

1 .7151 

0.9480 

2.3151 

0 .6981 

1.7153 

0.9481 

2.3154 

0 .6982 

1 .7156 

0 .9482 

2.3156 

0 .6983 

1 .7158 

0 .9483 

2.3158 

0 .6984 
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